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Specification 

1. Title of the invention 

5 Dispersion hardened titanium alloy and its method of 
manufacture 

2. Claims 

(1) A dispersion hardened titanium alloy in which a 
nickel-titanium compound is dispersed in a Ti base. 

10 (2) A method of manufacturing a dispersion hardened 
titanium alloy in which titanium powder and nickel powder 
are mixed, this mixed powder is compressed and the 
compressed powder is worked and then heat treated to 
form a nickel-titanium compound. 

15 (3) A method of manufacturing a dispersion hardened 
titanium alloy in which nickel is plated onto the surface 
of the titanium powder at a specific thickness, the 
powder is compressed and the compressed powder is worked 
and then heat treated to form a nickel-titanium compound. 

20 Detailed Description of the Invention 
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The present invention relates to a dispersion 
hardened titanium alloy and its method of manufacture. 
More specif ically, it relates to a dispersion hardened 
titanium alloy in which a very high strength is achieved 
5 without reduction in lightness by dispersing a nickel- 
titanium compound in a titanium base, and working during 
manufacture is made easier by the final heat treating 
after working to produce a nickel-titanium compound 
phase . 

10 All previous hardened titanium alloys are solid- 

solution hardened alloys which are broadly grouped into 
a-type alloys, a-p-type alloys and p-type alloys. In oc- 
type alloys, which have a base of high-density hexagonal 
crystal a phase, stable at low temperatures, 

15 approximately 5-8% of aluminium may be added to the 
titanium to stabilise the oc phase and tin (Sn), zinc (Zn) 
and zirconium (Zr) may be added if necessary, for 
example. In some known cases there is a compound of 5% 
aluminium, 2.5% tin and titanium, for example. In a-p- 

20 type alloys, which have a two-phase structure comprising 
an a phase, as described above, and a (3 phase of body- 
centred cubic crystals, stable at high temperatures, 
aluminium may be added and vanadium (V) and molybdenum 
(Mo), p-stable elements, may also be added. Examples of 

25 these include a 6% aluminium - 4% vanadium - titanium 
alloy and a 4% aluminium - 3% molybdenum - 1% vanadium 
and titanium alloy. In p-type alloys, there is a large 
content (usually 10% and above) of the above p-stable 
elements molybdenum and vanadium and known alloys include 

30 13% vanadium - 11% chromium- 3% aluminium - titanium 
compound. 

These titanium alloys of the prior art are difficult 
to work-harden, which makes them difficult to process. 
Thus although amongst these titanium alloys, the p-type 
35 alloys, being based on a p phase of body-centred cubic 
crystals, have slightly better working characteristics 
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than a-type alloys, which are based on an a phase of 
hexagonal crystals and a-p-type alloys, which have an a-(B 
two-phase structure, but even these are somewhat 
difficult to work-harden and have markedly poorer working 
5 characteristics than other high strength light-weight 
alloys. Also, these |3-type alloys require the addition 
of large quantities of alloy elements, including the (3- 
stabilising elements such as vanadium and molybdenum to 
extend the stability of the (3 phase from high temperature 

10 down to room temperature, which results in an increase in 
density and reduces the lightness which is the main 
reason for using titanium alloy. 

The present invention, which was made in response to 
this situation, has the object of proposing a novel 

15 titanium alloy which is both easy to work and remains 
light, and its method of manufacture. 

Thus, for the titanium alloy according to the 
present invention, which is fundamentally different from 
the concept of solid-solution hardened titanium alloy of 

20 the prior art, high strength is achieved by dispersing a 
nickel-titanium metallic compound in a titanium base and, 
during the method of manufacture thereof, working is 
carried out while the titanium and nickel are yet to 
become a compound, so that a nickel-titanium 

25 intermetallic compound is produced with subsequent 
working, and working is facilitated. 

The titanium alloy according to the invention and 
its method of manufacture are given in more detail below. 

As described above, the titanium alloy according to 

30 the invention involves the dispersion of a nickel- 
titanium compound phase held in a titanium base. The 
nickel-titanium compound may be, for example, NiTi, Ni 3 Ti 
or NiTi 2/ all of which have great hardness. Therefore 
what is known as dispersion hardening is achieved when 

35 these compounds are dispersed and a high degree of 
strength is achieved. The quantity of this nickel- 
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titanium compound that is dispersed is preferably 
0.1~30wt% of the weight of the nickel. If the quantity 
is less than 0.1wt%, the dispersion hardening achieved is 
inadequate whereas, if it is greater than 30wt%, the 
5 quantity as compared to the total titanium alloy 
increases to such an extent that this impairs the object 
of lightness and causes a reduction in toughness after 
heat treatment. Several possible mechanisms have been 
postulated for dispersion hardening by this kind of 

10 nickel-titanium compound and the degree of hardening 
varies according to the size of the dispersed grains. 
The strength, which is markedly changed by the gaps 
between dispersed grains and the quantity separating out, 
is generally said to be in proportion with the reciprocal 

15 of the distance between the dispersed crystals, and, 
because of this, it is preferable that the nickel- 
titanium compound grains should be dispersed as 
consistently, and at as high a density, as possible. 

Methods of manufacturing this dispersion hardened 

20 titanium alloy include a first method in which the 
titanium powder and the nickel powder are mixed, the 
mixed powder is compressed, it is worked as a compressed 
powder and then is heat treated to produce a nickel- 
titanium compound; and a second method in which nickel is 

25 plated at a specific thickness onto the surface of the 
titanium powder, this nickel-plated titanium powder is 
compressed, worked as a compressed powder and then heat 
treated as above to produce a nickel-titanium compound. 

In the former of these methods, titanium powder with 

30 a grain size of between 0.1iam~15iam is used in order to 
narrow the gaps between the grains as much as possible, 
and the nickel powder should preferably have a grain size 
of between 0 . lpm-lOpm. Further, the ratio of titanium 
powder to nickel powder should be such that the nickel 

35 powder is between 0.1wt% and 30wt% as described above. 
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In the latter method, the titanium powder used has a 
grain size of between 0 . liam~15]jm, as in the former 
method, and a nickel plate of a specific thickness is 
applied to the surface of this titanium powder by a 
5 nonelectrolytic plating method. The thickness of this 
nickel plating should be determined so that the amount of 
nickel is between 0.1wt% and 30wt%, as described above. 
In some cases, however, a mixture of nickel-plated 
titanium powder and non-nickel-plated titanium powder may 

10 be used and in such cases the thickness of the nickel 
plating may be increased a little. 

In all methods, either a mixed powder of titanium 
powder and nickel powder, or nickel-plated titanium 
powder is first of all compressed to form a compressed 

15 powder of a specific shape. In order to obtain a 
compressed powder with as high a density as possible, the 
compression means used should preferably be one in which 
the powder is packed into a mould of rubber or other 
flexible material and compressed and formed by 

20 hydrostatic compression. The compressed powder thus 

obtained may be subjected to extrusion, rolling, drawing 
or other processes until the desired final product is 
obtained and in such cases, the compressed powder should 
be placed in containers made of pure titanium, pure 

25 nickel or nickel alloy such as a nickel pipe, and forming 
processing carried out for each state or each type of 
container. The use of nickel or a nickel alloy on the 
surface particularly facilitates working and annealing 
and also makes subsequent surface treatment of the 

30 product easier. 

It is usual to carry out appropriate interim 
annealing during forming, as described above. In the 
case of the invention, since titanium and nickel have not 
formed a compound at the forming stage but are pure 

35 titanium and nickel (in the form of a complex), the 
workability is markedly better than the various solid 
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solution hardened titanium alloys of the prior art, and 
therefore the work rate up to the interim annealing is 
markedly greater than the prior art. The temperature of 
interim annealing during forming should preferably be no 
5 higher than around 500°C, a temperature at which the 
nickel-titanium compound is not formed. 

The compressed powder, formed into the desired shape 
by a forming process, is in a state close to true 
density. In this state, the heat treatment is carried 

10 out so that titanium and nickel disperse into each other 
at the interface (the contact surface between the grains 
of nickel and the grains of titanium in Method 1; and the 
nickel plate interface with titanium in Method 2) to form 
a nickel-titanium compound. This heat treatment is 

15 preferably carried out at a temperature in the range 
600°C~1000°C for 0.5-6 hours. If the temperature is 
lower than 600°C, it is difficult to produce an adequate 
nickel-titanium compound. If the temperature is higher 
than 1000°C, the separated grains aggregate so that the 

20 gaps between the grains increases and there is no 
increase in strength. It is preferable that this heat 
treatment is carried out in a vacuum or in an atmosphere 
of inert gas. 

Due to this heat treatment, the powder grains in the 
25 compressed powder are sintered together and a nickel- 
titanium compound is formed. This nickel-titanium 
compound is dispersed in the titanium base, giving it 
high strength and high hardness due to dispersion 
hardening. This may be used in a product without any 
30 further modification but, if it is wished to further 
increase the strength and hardness, it is preferable to 
carry out processing to increase the strength a further 
50% or more by roller die, drawing, extrusion etc. If 
such work is carried out after the nickel-titanium 
35 compound is formed, dislocation due to the work is 
increased and the nickel-titanium compound is also 
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separated more finely, with the result that the 
dispersion hardening effect is further increased due to 
the fineness of the nickel-titanium compound grains. It 
is thus possible to obtain a titanium alloy with markedly 
5 increased strength and hardness. 

In the description given above, one or more of 
aluminium (Al) 0.1~3wt%, chromium (Cr) 0.1~2wt%, copper 
(Cu) 0.1~4wt%, cobalt (Co) 0.05~2wt%, molybdenum (Mo) 
0.1~2wt%, vanadium (V) 0.01-0.8wt% and tin (Sn) 0.1~3wt% 

10 may be added to the titanium alloy described above, in a 
range that does not impair the working characteristics. 
In such cases, the elements that are added may be 
included in the titanium powder as alloy elements or may 
be added separately as a separate powder or alloy powder. 

15 Since, in the titanium alloy according to the 

invention, the strength is mainly dependent on the 
quantity of the nickel-titanium compound dispersed in the 
titanium base, the strength may be readily adjusted by 
varying the quantities of nickel and titanium contained 

20 and altering the quantity of the compound. 

Also, since the nickel-titanium compound is stable 
at high temperatures, there is little reduction in 
strength at high temperatures. This kind of alloy is 
often annealed before final use and since this is 

25 dispersion-hardened, there is little reduction in 
strength after annealing. 

Examples of the present invention are given below. 
Example 1 

Titanium powder with a grain size of l~4jam and 
30 nickel powder with a grain size of 4~8iam were mixed 
together at a weight ratio of 98% to 2% and mixed with 
stirring for 10 hours in a V-type mixer. This mixed 
powder was then packed into a natural rubber pipe with an 
external diameter of 80 mm, length of 200mm and wall 
35 thickness of 1mm, hydrostatically compressed at pressure 
of 8500 kg/cm 2 to obtain a compressed powder body. The 
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compressed powder body was then mechanically worked to an 
exterior diameter of 48mm and length 120mm, then placed 
in a pure nickel pipe with an external diameter of 50 mm, 
length of 150mm and wall thickness of 1mm, and both ends 
5 were welded shut using electron beam welding. This was 
then heated uniformly to 600°C, given an external 
diameter of 20mm by extrusion, then an external diameter 
of 10mm by drawing and annealed in argon gas at 500°C for 
1 hour, before having its external diameter reduced to 

10 4mm again by drawing, being annealed again in argon gas 
at 500°C for 30 minutes and having its external diameter 
reduced again to 2mm by drawing. 

Next, this was heat treated for 2 hours at 900°C in 
vacuo to form a nickel-titanium compound. 

15 Example 2 

Approximately 0.05pm of nickel plate was applied by 
nonelectrolytic plating to the surface of a titanium 
powder with a grain size of 1-4 iam. This nickel-plated 
titanium powder was packed into a natural rubber pipe as 
20 above. The subsequent processes were identical to those 
of Example 1 . 
Example 3 

Procedures were the same as in Example 1 except that 
at the stage when the external diameter was reduced to 
25 4mm by drawing, it was heat treated for 2 hours at 900°C 
in vacuo to form a nickel-titanium compound. This 
compound was then cold rolled with a roller die to form a 
wire with an external diameter of 2mm. 
Example 4 

30 Procedures were the same as in Example 2 except that 

at the stage when the external diameter was reduced to 
4mm by drawing, it was heat treated for 2 hours at 900°C 
in vacuo to form a nickel-titanium compound. This 
compound was then cold rolled with a roller die to form a 

35 wire with an external diameter of 2mm. 
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The results of studies of the mechanical properties 
of these wires at room temperature and at 400°C and the 
mechanical properties of these wires at room temperature 
after they had been annealed at 800°C, are shown in Table 
5 1. 

Example 5 

The method was the same as in Example 1 except that 
the nickel content was changed to 0-50% and a final stage 
of 50% cold processing was added to obtain the wire 
10 The relationship between the hardness and elongation 

of the wire obtained and the weight of Ni content in 
Example 5 was examined and the results are shown in 
Figure 1 . 

15 Table 1 





Characteristics before annealing 


Characteristics 
after annealing 




Hardness (Hv) 


Tensile strength 
(kg/m 2 ) 


Hardnes 
s (Hv) 


Tensile 

strength 

(kg/m 2 ) 




Room temp. 


400°C 


Room temp. 


400°C 


Example 
1 


175 


147 


78 


51 


155 


75 


Example 
2 


183 


153 


81 


53 


170 


80 


Example 
3 


354 


265 


125 


100 


295 


114 


Example 
4 


341 


270 


122 


98 


315 


118 



As is clear from Table 1, the wires from each 
Example show great hardness and high strength at both 
20 room temperature and high temperature (400°C) and there 
was only slight reduction of hardness and strength after 
annealing. In Examples 3 and 4 in particular, which are 
examples in which the sample was 50% reduced after 
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formation of the nickel-titanium compound, it is clear 
that there is a marked increase in the hardness and 
strength. In all examples the rate of work (reduction in 
cross sectional area) both before and after annealing was 
5 at least 75% and there was no particular obstruction to 
the working. Since, in the case of solid-solution 

hardened titanium alloy of the prior art with a similar 
strength, interim annealing has been considered necessary 
at a rate of work of 50%, it is clear that the invention 

10 renders working easier than in the prior art. 

It is clear from the results of Example 5, shown in 
Figure 1, that the hardness of the product finally 
obtained rapidly increases, and the elongation decreases, 
as the nickel content increases, so that when the nickel 

15 content exceeds 30% there is almost no elongation and any 
subsequent working is impossible. 

As is clear from the above, the titanium alloy 
according to the invention has high strength due to 
dispersion hardening resulting from the dispersion of the 

20 nickel-titanium compound in the titanium base, achieving 
great strength at room temperature and high temperature 
without reducing its lightness, and working is markedly 
easier than with the solid-solution hardened titanium 
alloys of the prior art during manufacture, since the 

25 forming is carried out with titanium and nickel in their 
pure states. Therefore working progress is high and the 
number of times when interim annealing is required is 
markedly reduced compared with the prior art, which 
reduces working costs. Other advantageous features 

30 include the fact that the strength can be adjusted simply 
by varying the content of titanium and nickel and that 
there is little reduction in the strength after 
annealing . 

4, Simple Description of the Figures. 
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Figure 1 is a graph representing the relationship 
between the hardness and elongation and the nickel 
content in the wire obtained in Example 5. 
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Figure 1 
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5 1. Hardness (HV) 

2. Hardness 

3. Elongation 

4. Elongation (%) 

5. Nickel content (wt%) 
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it * * $ ^> fx. <o m m m % m -t 0 c <o m ^ m & 

6 0 0 t - I 0 0 0 "C «| j£ © HA fit ifii'i tffl T 0. 5 ~ 6 

H ^ is ? 1 5 c t & m. * L ^ 0 e o o u c * ^ o ffii 
BE r tt * ^ cc n i - ui ik*»t4«5 *4 t i & 
ISiT* J , * Tfc l 0 0 0 °c t m A ti frl tit Hi -F 

^ « « l x m -f- m m & ± z < % t> , m m fa ± & m 
ft ft < ft h o ■* /t -t © » «i im © * It1 M tt m «a I 3 4 
7t Ht ^ ffi #. ^ ^ # Kfl ^litUH^^ L ^ o 
COX 54*«lJB|*ff5 c t K X. ^TJflf^ 

© # » * x ffl s iw ^ ; « (*1 k m « ^ « n , w m 

rCNi -Ti*fb-frttl*S^fiK«#l-t, -t © N i - T i 
m <b # «9 ^ T i *Jft**C*ffc3ixA:*lii ft J , ^> 

■ft « <b k x $ m « * , iiififteie*:*^*^^^**^ 

c © © -4 4 991 ilft (C ^ ffl L T 4) a ^ # > ^ «b K 

ffl ^ J&fiE ^ fifi t # ^ ^ ^ K d: > p - ? - # A 

^ > jj^ o' K ^ J III W K i: o r ^ ^ 5 o * X © ^ 

-imititt t l^. t©i 5^Ni - Ti 

& it ft m ^ JjZ &. K <& to X 4- Mi * fcf x Julie X 



© ^ <t t % *t n i - Ti & it ft m & $ h m 

♦c y /> l«Tr '<? ti h Ui m > N i - T i ^ <fc «ffe! 

Ift K k h 6Y R jUR <b #J ^ — J«S I"] X L % L < M 

•»i iff > « tf! IK © T i ^{gtiil/oti^tU. 

feL X © m K *r ^ -C , £ <D <D ? i ft &<f± to X 

th 4 « 5 ft ^ « IW W r A« 0. 1 - 3 * * * , Cr 

0.1—2 ili Jil ^ , Cit 0. 1 — 4 fR fft 96 , Co 0. 0 5 

— 2 R # * * Mo 0. 1 — 2 Jft ft # % V (). 0 1 — 0. 8 

fR M; ^ s Sn 0.1 - 3 "{T ft * (O 5 *> €> 1 fa t 1t l± 2 

m ±z mmLx i> &V> o t © « *t<l!>0* AD 

7f; jR fct , f *!> Ti »*fC**7L-Ht 

^ ^ T i A < , *&^»±WJ(C*«ll»***^#±-fr 

<r^ a ^ t l x m to l x ^ a ^ o 

t ft t © ^ IJP3 © T i # ^ fct , © & /£ ^ X t LX 

T i ^ m ^ (C ^> £ n 7t N i - Ti ^itft^i<O^K 

^ z n + n i ^ t i © ft ftfatmiLXitft m 
* m it * h c £ tc x ftff«*c*/efcsw«^A 

ft N i - T i & it 'l^ fct fv?j DA Kfr^X^^t^ 
&^t), ^ T *» ^ IS © (£ T fct 4> ft < > * it C © 



jfi©^-ife-rfr±^^«i*c^^L"t:^^^ffl-f*t <L 
i*&v>i)i^ ft ft <b M © a6 M M « © « « T % 

^ ft ^ o 

T K t O I IJ O ^ I W fe IE o 

3K ffi 1 — 4 /*m © T i ffi 3i t 1$L m 4 — 8 Am © N i 

f ^^tiltr-tiifn 9 8 ^ 2^1^U 
vi^ ^ ^ - x i o m ft fa m l it o -tomft 

»*fcftft8 0«, ^^20 0«rm, ^jf-inrm©^ 
j^^i,M(D'M/tCjj|U 8 5 0 0 k^rf © JX * 
T # 7k £E J£ * L , EE » <* 5: # 7fc « ^ © EE a # 4: ^ 
#.4 8fl»m, ft ^ 1 2 0 piKiM»Pll>^i:, 

♦c*«l, « ^f- - a « « jc x m ?ti * m & l /t o 

JliX^ 6 0 QVIfC&f&Uft&fttotoJlKX v X ft 
m 2 0. «iH^i, i^l jJOl^ J: Hi§ 1 0«"i 
L > 5 0 0 °C K ^ X Ar fi * * fifl m ^ X 1 1^ Ihl m 
H L «: , ^0*i§IAaX^^^tni4fff»iL, 
^^fcs o o°ctc^^t Ar ^^fii^fa o# 

fUX-^ W L, , m $ \ to 31 K £ $ ft & 2 mm k to X L ft o 
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fc^XfirQ + VCip^X 9 0 0 °C X 2 B* [ty © #V #L M 
2 

ft I - 4 /«mOTi »*0« jffljCft 0. 0 5 Um 

© N i /y*^^mW^y*^Jti?fT^^o t © Ni 

* tt W 3 

JlLft&MX , K^*K:^^T9 0 0 "C x 2 l» M 
© *fc fct S i6 L » C ft K Jt j? N i - T i JMfc # % 

m m « 4 

X L RV r , Aa+ftfc-^TQ 0 0 *C X 2 KSf IW 
© jM «L 3 * jS& U , tH^: i !) Ni - t i # flfc 

&±<D&mmmK x $ & b ft ft m & © g m *■ x 
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^ k 8 o o °o © m m k m x_ ± ® © m s k & w h 

* M 00 5 

\ <djj&k&\*x ^ N« (DiE^t to- 
5 o 3'fcfc*Kttfc5 0*©* 

to^i^jsri !>'&<?ftAMtto®lMfrXV 
«■ £ Ni £«ft£©H«*M''<*:tt«*«i H (<£ 





tt « str # He 


SS Ife 4* 


if (Hv) 




(Hv) 


9 MUSIS 


% flu 


400°C 




4 0 0°C 




1 75 


147 


78 


51 


1 55 


75 


* 2 
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1 53 


81 


53 
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80 


' 3 


354 


265 


125 


100 


295 


U4 


* 4 


341 


270 


1 22 


98 


315 


118 



m i m & b m b & * jt 5 <c , s? ^ * * # ^ ^ 
( 'i 0 0 °c ) © ^ jftfc^^Ti^-^ Mi w k x s 
ffl *i *g # fct ft Hie, A ^ J£ t ^ U , * ?t *ft *fc 
ft (c *- n T t fl ft J: » © fit F ft 4> & ^ c a 

w k m m n 3 * * o : 4 w; n« - n * ft ^ ^ t ^ ,^ 

« « *C 5 0 * © Afi ItJftw^^to-c**^, 

t O ^ ^fCtt M ^ Jt ^ ^ Jfr; © fftj _h ^ « L ^ t t 

/j^ w b x %> & o * tt & % m n K^?ft% tp m w 

H © nil tt © « Al X K * Ir)- h h\\ I *S ( Kff « * * ) 
t 7 5 ^«±i L^?)s # k: Mi X fc 3fc R #i * & ~> 

tr- o ft & © |nfj H K 0 - M ^ 0 ffl ^ M <k a T . w 

/iii x m 5 0 ^ a m r ^ rwj % m t ^ « 4 l t ^ ^ 

r ^ > ft * 4 it -< x a © ^ © « ^ttH: Mi jjjff^ 

T * 4 <fc # w ^ r ^ 0 ' 

i it , Ml fg| k 7fs -5^4* jfe 5 © « ^ & c, , 
M ^ fcj K w ^ ft it. n iff. K ^ r d: n i fftjri # M: © jff /;« 
(C fffc ^ r ffiC $ & ft K ± f\ L , < W» 6^ 3d« « * L > 
n i 3 0 * M ^ ft fcc 4 a, £ \\\\ o* 4{ 4 ^ ^- 
© « © )m I#^»TSt44t t W f? 3*» "C * & o 
J: © flKL f^i T!We,^4 X 5*CC©» W © T i ft 



(^-?>^^^7}i^^^, L**-t©«3t*C*3t^-t: 

tt«Ti s iNi © ^ n r ib «k x & a % ft h it & , 
«ax^fe*©«-fli©ia«ttfbfl©Ti ^ 4 jfctt l 

^t^^Tt, $ b fc !f± Ti , Ni © It Ife 

A*l*T#*Ka*fc(ia-e*, * ^ N *C Jt & 
*KffiT**4^^, «-«©«fL3tft/3frt*-f4 
4 © r & * & 
4.1^ s © tn # 3i k W 

* 1 mtt&mm 5 k 1: t> w b ft ft m u © n « 
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